Using automated measurements of kappa (K) and lambda (A.) light chain and IgG, IgA and IgM concentrations we assessed the ability of the K/A. ratio and the heavy/light chain ratio to identify and type monoclonal components which had been previously identified by serum protein electrophoresis and immunoelectrophoresis. We examined 1151 samples, of which 277 contained monoclonal components; 90% of the monoclonal proteins could be identified by this approach, of which 95% were correctly typed. In addition 19 of 874 samples without monoclonal components showed an abnormal K/A. ratio. We assessed the ability of the immunochemical evaluation to calculate monoclonal component concentration and then compared the results to the scanning densitometry of serum protein electrophoresis.
Monoclonal gammopathies arise from B-cell malignancies and may be present as intact immunogloblin molecules or as free light chains. It is necessary to be able to identify and then class and type the monoclonal components because of their association with myeloma and other malignant diseases; early detection is important in view of the need for appropriate treatment.
Monoclonal gammopathies are usually identified as single or multiple compact bands on serum protein electrophoresis; however, the detection sensitivity of different types of electrophoretic procedures varies considerably. I Monoclonal components consisting only of light chains are poorly detected since many do not exhibit a compact band on serum electrophoresis. Simple quantitation of immunoglobulins is ineffective as a screening test, as monoclonal components may be present despite normal values for total immunoglobulin concentrations.
After detection of a monoclonal component, the immunoglobulin class and type may be established either by immunoelectrophoresis or immunofixatiorr' and the concentration may be determined by scanning densitometry of the electrophoretic strip and relating the density of the compact band to the serum total protein. The concentrations of the polyclonal immunoglobulins are also determined to assess the degree of immune paresis.
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The recent development of quantitative assays for kappa and lambda light chains, either as part of intact immunoglobulin molecules or as free light chains has led to the hypothesis that changes in the kappa/lambda (K/A.) ratio and the heavy to light (H/L) chain ratio may be used to identify and then type monoclonal components.' This approach forms the basis of the immunochemical evaluation (ICE).
The objective of this investigation was the measurement of the heavy and light chain concentrations of immunoglobulins in sera in order to derive a normal range for K/A. and H/L ratios; these data were then used to identify and type monoclonal components and results were compared to serum electrophoresis and immunoelectrophoresis. Results for the quantitation of monoclonal components by scanning densitometry of the electrophoretic strips were compared with the results calculated using ICE.
METHODS AND MATERIALS
Serum Protein Electrophoresis (SPE) was performed using cellulose acetate strips (Helena Laboratories, Gateshead, UK) in barbitone buffer pH 8·6. Monoclonal components were defined as discrete bands seen on electrophoresis, and were confirmed and typed using immunoelectrophoresis (IEP) using antiserum from Atlantic Antibodies (Scarborough, USA).
Concentrations of monoclonal proteins were measured by densitometry of cellulose acetate separations and related to the total protein content.
IgG, IgA and IgM were measured using reagents supplied by Beckman UK Ltd (High Wycombe, UK) while K and A light chains were measured using Quantimetric-2 reagents supplied by Kallestad UK Ltd (Brill, UK). All estimations were carried out using the Beckman Auto ICS Systems (Beckman Instruments, High Wycombe, UK).
Assays for heavy chains were calibrated using the Beckman Calibrator I which give identical values to the SPS-OI serum calibrator supplied by UK Protein Reference Units. Light chain assays were calibrated using Kallestad calibrator A reference material (Kallestad UK, Brill, UK).
A total of 1151 serum samples were examined by serum protein electrophoresis (SPE) and quantitative measurements of IgG, IgA, IgM, K and ).. (ICE) The ICE approach to the identification and classification of monoclonal components depends on the K/). ratio and/or the H/L chain ratio falling outside reference limits.
Irnrnunochernical evaluation
The antisera used for light chain measurements are specific for light chain exposed epitopes and will thus measure free as well as bound light chains. An abnormal K/i.. ratio should therefore indicate the presence and light chain type of an intact monoclonal immunoglobulin or of monoclonal light chains.
Because the light chain measurements are calibrated on an immunoglobulin equivalent molar weight the sum of the heavy chains and that of the light chains should not be significantly different unless free light or heavy chains are present or the monoclonal component is IgD or IgE type (IgD and IgE heavy chains are not measured using this approach).
The correct typing of a monoclonal component by the ICE approach depends on allocating the light chain type (from the K/A ratio) and the heavy chain class. The heavy chain class is allocated by calculating the excess light chain concentration (monoclonal) and comparing it with the concentration of each heavy chain; if only one heavy chain is present in sufficient concentration to account for the equivalent concentration of monoclonal light chain then this is the class allocated to the monoclonal component.
The heavy chain class of the monoclonal component is thus allocated if a single heavy chain has a concentration equal to or greater than that of the monoclonal light chain: to allow for assay imprecision we allocated a heavy chain only if the heavy chain concentration exceeded 110% of that of the monoclonal light chain.
Samples containing more than one monoclonal component or a monoclonal immunoglobulin with hypergammaglobulinamia may have more than one heavy chain fulfilling the criteria for typing the heavy chain and thus may not be accurately typed by this method.
Values for K and Alight chains are assigned to the calibrator (and any polyclonal sample) based on the known percentage concentrations of each light chain associated with the heavy chains:" i.e. IgG : 65% K, 35% A IgA : 60% K, 40% i..
IgM : 75% K, 25% A
Concentrations are expressed in terms of intact immunoglobulin molecules and thus the sum K and Achains should equal the sum of the heavy chains.
Calculation of the monoclonal component concentration and the polyclonal heavy chain concentration of the immunoglobulins IgG, IgA and IgM, may be illustrated by the following example: The concentration of K chain associated with polyclonal IgG is given by We examined blood donors and a patient population as possible groups to calculate KIA ratio reference ranges, but found differences between the groups. Other workers have used KIA ratios based on 95% confidence limits but in many cases did not state how they were derived. Whicher et al. 5 used results from 183 patients without monoclonal components similar to the method used here but the KIA range in their study was 1·29-2·61 (xl'90) and Lammers et al. 8 1·20-2·80 (x not stated). The 95% confidence limits of the H/L ratio were -15% to + 16% in this study, whilst other workers have found ranges of -7% to + 12%5 or ± 10%.3
One problem we encountered with calculating the H/L chain ratio was that the heavy chains (G, A, and M) were assayed using Beckman reagents and the light chains (K and A) using Kallestad reagents and it was noted that in most cases there were discrepancies in calibration which meant that the H/L ratio was not zero in as many cases as expected.
This study was slightly different to previous reports in that ours was an unselected group of samples in that all samples referred to this laboratory for immunoglobulin quantitation or serum protein electrophoresis were analysed.
The results show 277/1151 samples had monoclonal components detected by serum protein electrophoresis and confirmed by immunoelectrophoresis. The high frequency of monoclonal components reflects the fact that the Protein Reference Unit is a reference centre for paraprotein investigations.
Identification of monnclonal component
To identify a sample as having an monoclonal component by the ICE the KIA ratio must be outside the reference range. The monoclonal light chain is identified from the KIA ratio as follows: If KIA > 2·67 this indicates excess K chains and if KIA < 0·91 this indicates an excess of A chains. Of the 277 samples containing a monoclonal component 90% (248) demonstrated a KI). ratio outside our reference range and thus can be considered as identified by the ICE. The sensitivity of the ICE is therefore 90%.
A breakdown of detection sensitivity by class and type is shown in Table 1 and shows consistent identification of monoclonal components across the various heavy chain classes and light chain types.
The identification of monoclonal components in this study is comparable with the findings of Whicher The reference range for the KIA ratio and the H/L ratio were calculated from values obtained from blood donors (n = 100) or from those patient samples analysed and found not to contain a monoclonal band on electrophoresis (n = 874), i.e. a true patient population (age range 16-81 years). The 95% confidence limits for the KIA ratio differed between the two groups:
KIA ratio (blood donors): 1-45 -2·73
KIA ratio (patient samples): 0·91 -2·67
The blood donor samples were from a healthy population with a relatively narrow age distribution whilst the patient samples represented a wider age group and a wide variation of immunoglobulin concentrations.
The reference ranges used in this study for the KIA ratio and the H/L ratio were those obtained from the patient population as this showed a greater spread of polyclonal immunoglobulin levels, and was more representative of the patients normally encountered.
The H/L chain ratio was calculated as follows: for "IA. ratio of 1,29-2,67, i.e. a higher lower-limit but upper-limit similar to the present study. We therefore examined those monoclonal components classified by SPE and IEP but with a "IA.
ratio of 0·91-1,29 to see how many would be missed by the ICE. Sixty-eight samples had a "IA.
ratio between 0·91 and 1·29, 6 of which were shown to have an monoclonal component by SPE and IEP whilst 62 did not. Of the six samples four had IgGA., one IgAA. and IgMA., but in all cases the concentration of monoclonal com-ponent was small ( < 10gIL) and in four of six the immunoglobulin levels (G, A and M) were normal and the HIL chain ratio was also normal. One sample had an increased IgA with a HIL ratio of + 41% so it may have been in this case that the light chain portion of the molecule was not fully identified by the antiserum in the light chain assay. Twenty-nine samples classified as having monoclonal components by SPE and IEP had normal "IA. ratios (0·9-2'67) ( Table 2 ). Examination of the individual results showed the KIA. ratios to be well inside the reference ranges so their 'missed' identification could not be due to a poor evaluation of the reference range. The majority however had very low monoclonal component levels « 10gIL in 21/27) Twelve samples had a K/A. ratio of > 2·67 but eight of 12 had increased immunoglobulin levels with only three of 12 having an abnormal H/L chain ratio. It is possible that these eight samples may have had monoclonal components not identified by SPE and IEP or that the light chains were unreactive in the assay due to steric effects.
Typing of monoclonal component Samples containing monoclonal components categorized by IEP were allocated a heavy chain class as described earlier. Those samples in which this agreed with previous findings by SPE and IEP were classified as having been typed correctly by ICE. Of 248 monoclonal components 236 identified by the ICE approach were correctly typed. Of the IgG monoclonal components 120/124 were correctly typed and of the four mistyped two were typed as IgMK instead of IgGK and one as 19AA. instead of IgGA.. This may have been due to slightly raised polyclonal immunoglobulin levels which may have masked the calculation of the monoclonal heavy chain. The fourth mistype was a BH instead of an IgGA. and this was almost certainly due to an excess of free light chains (H/L ratio = -53%).
The ICE correctly typed all the 19A and IgM monoclonal components (100/100) and 16 of 18 of the light chain only (Bence-Jones) monoclonal components; the latter two may have been mistyped due to raised levels of one heavy chain immunoglobulin (Table 3) .
However all six of the IgD monoclonal components although correctly detected could only be typed as light chain abnormalities as the heavy chain IgD is not routinely measured; these monoclonal components must be defined by IEP.
Whicher et at? correctly typed 89% of samples in that 11% could not be typed, but in his study no samples were mistyped; and Caron et al? and Moya et al. lD were able to type correctly 89% and 90%, respectively, whilst Guinan et al" (66%) and Hoyer et al. 12 (71%) had lower success rates.
Quantitation of monoclonal component
The standard method of calculating monoclonal component levels is either by scanning densitometry of the SPE and relation to the total protein concentration or by immunochernical estimation of the monoclonal heavy chain. The merits of both methods have been reviewed by Whicher et al? and they accept that immunochernical estimation of the monoclonal heavy chain concentration does have many pitfalls and does not constitute an ideal method.
The method of scanning densitometry of the SPE strip and relation of the area under the peak to the serum total protein concentration has two practical drawbacks. One is the measurement of serum total protein, which in many cases is not accurate at very high concentrations (> 80 giL) and the second is the problem of scanning SPE strips in patients with low levels of monoclonal components « 10 giL) in the presence of normal polyclonal immunoglobulin levels.
Calculation of monoclonal component concentration by the ICE relies on good precision of measurement of the five parameters (lgG, 19A, IgM, K and .).) and also good linearity at high concentrations of the immunoglobulin containing the monoclonal component. In our study the between batch coefficients of variation for measurement of the heavy and light chains were all < 5% and dilution experiments with samples containing monoclonal components showed good linearity.
Using the ICE it is possible to calculate the monoclonal component level as described earlier, and the comparison of these results with the method of scanning densitometry is shown in Fig. I . There is a significant correlation between ICE and scanning densitometry for IgG, IgA and IgM monoclonal component quantitation (r = 0·96 (lgG), 0·93 (lgA), 0·89 (lgM». The results also show no significant difference (0,0 I < P < 0·00 I) between the two methods of measurement for IgG, and IgA, although there is some evidence of over estimation by the ICE at high concentrations. For IgM monoclonal components there are significant differences between the two methods (P < 0,001), ICE showing marked overestimation when compared to scanning densitometry.
CONCLUSIONS
(1) By measuring quantitative immunoglobulin IgG, 19A, IgM, K and A., ICE can correctly identify 90% of monoclonal components. These were all I g classes including light chain and IgD monoclonal components; low concentrations of monoclonal components appeared to be the main reason for 'missed' identification.
(2) Once identified, ICE can correctly type 95% of monoclonal components. Mistyping is due to excess light chains and high levels of more that one heavy chain leading to a problem with the calculation.
(3) The ICE approach to the calculation of monoclonal component concentration shows a direct correlation with those results obtained by scanning densitometry but in the case of IgM monoclonal components an overestimation of IgM measurement means that ICE results are significantly different from scanning densitometry.
(4) Measurement of K and A. chains in addition to serum protein electrophoresis and immunoglobulin estimation could replace the majority of IEP testing. The exceptions are IgD and IgE monoclonal components, samples containing more than one monoclonal component and some monoclonal components associated with large ammounts of polyclonal immunoglobulin.
The potential advantages of the ICE approach are to save a large proportion of unnecessary monoclonal component typing by immunoelectrophoresis or immunofixation, since the ICE approach will correctly type greater than 95% of monoclonal components, and reduce the total analysis time for the sample.
Ten per cent of the monoclonal components in our study were not identified by the ICE. However it is possible that the ICE approach will identify some monoclonal components that may be missed by conventional SPE and IEP, especially light chain myelomas with no visible compact bands on SPE.
